Equation 1 is written for one component; either VOCs or hydrogen. If the waste box is genemting/producing both VOC and hydrogen, the equation must be solved for each separately.
In the cases to be analyzed there are "n" filters used. The resistance of "n" filters, assuming the filters are all the same. model, is given by
The only filters considered in this paper are either a Nucfil@ model NFT-OIBSSRP or Nucfil@ model NFT-0 1 5DS due to their lower resistances. (Nucfilm is a trademark of Nuclear Filter Technology). Other filters can be used, however. One just needs the diffusion parameter far these filters. The diffusion parameter from the manufacturer for diffusion of hydrogen through these filters is:
Model NFT-015DS: Model NFT-016 SSHP: Using the above, the resistances of these fiIters for hydrogen diffusion are:
NFT-0 165 SHP:
2728 dL for H2 248 s/L for Hz When these fiIters pass VOCs, the resistance must be increased. This is because Appendix B of HNF-16166 shows that the diffusion parameter of the filter is inversely related to the diffusivity of the gas or vapor being passed. Section 2.1 of HNF-25634, Potential For A VoIatile Orgunic Corn a n d (VOC) Deflagraiion In A TRUDrum, shows that the diffusivity of hydrogen is 0.784 cm /s. The diffusivity of various VOCs range from 0.12 cm2k per acetone to 0.08 cm'h for trichloroethane. The 'korst case" ratio of the diffusivities is a factor of 10. Therefore, in this analysis the diffusion parameter must be increased by a factor of 10 when VOCs axe being passed. This resuIts i n a resistance that is a factor of 10 greater per Equation 2. Equation 2 can now be generalized to: 
where a = (p + + 5 ) .
The term W' is the overall removal rate constant and has units P of sec-'. 
GENERATION RATE
This section will provide a basis for a choice of a generation rate. What is desired is the greatest generation rate that produces a given sample result. This will result in the Iongest times to decrease to a certain concentration after the filters are added. The greatest generation rate that produces a given sample result is found when the box has leakage. Leakage allows diffision to occur more readily, allows atmospheric breathing and aIlows forced flow. To use the methodology, assign a value of lom6 molesls to "G" and solve the equation 8a above.
HYDROGEN GENEWTION

METHODOLOGY FOR DETERMINING THE VOLUME FRACTION VS. TIME m E R THE FaTERS HAVE BEEN INSTALLED
The following are the steps of the methodology;
1.
2,
3.
4.
5.
6.
7.
Obtain concentration reading in parts per million {Cppm) or volume fraction (C,) from the sample. Determine free volume of box (V) Obtain Ma from either M, = Ic,pm)~~~-6)w)~cc,l Mo = (CW> VKl Set "R' = 7,800 Sn, for VOC diffusion and 780 SJL for hydrogen diffusion. & = based on number of filters, the filter type (see Section 2) and whether hydrogen or VOC is being removed.
Start by choosing a filter type and number of filters. Determine the concentration in the waste box as a function of time. Ifthe concentration decreases too slowly, assume additional filters or choose a different filter.
EXAMPLES
EXAMPLE OF THE METHOD THAT PROVIDES THE CONCENTRATION OVER TIME AFTER FILTERS HAW BEEN INSERTED (VOC DIFFUSION)
All of the examples are based on VOCs.
Step 1 -Assume sample result is 10,000 ppm.
Step 2 -Assume waste box is 20 R by 10 ft by 8 ft with 0.5 of it void (volume fiaction outside
Step 3 -Using the equation I & = (Cm)(lOT(V)/(C& M, is found to be 9.26 moles when C 1 is
Step 4 -Set R = 7,800 s/L
Step 5 -Set Q 5.3 x 10 s
Step 6 -Using Equation 8, G is found to be 5.5 x lo-' molesls
Step 7 The volume fraction still does not change much so choose four NFT-016SSHP filters.
Now ~-O I~S S H P
= 2,480 s/L and R, Step 3 shows that M, = 0.926 moles
Step 6 shows that G --5.4 x IO-' moleds 0 To address the impact of a small waste box, use the 1,000 ppm case with a waste box volume of 1,585 L (4 ft by 4 R by 7 ft waste box with 0.5 free fraction). In this case,
Step 3 shows that M 0.065 moles
Step 6 shows that G = 8.7 x 10" mole& The results from step 8 are shown i n 
Note that "long times" means that essentially steady state conditions (the generation rate is essentidy equal to the removal rate such that the concentration changes link with time) have been achieved.
At the time the filters are installed, M = &.
Since the filters are placed into the waste box after a long time of generation, dWdt in
Equation 7
can be set equal to zero. The modified Equation 7 can be rearranged to yield:
The ratio of MIM, is Afkr rearranging, the resistance of the set of filters needed to bring the ratio of MIM, to 'k" is:
Where VOCM = 10 when the filters pass VOCs = 1 when the filters pass hydrogen.
Solving for "n", the number of filters needed yiefds DP = diffusion parameter for the filter of interest, moleds-mole hac. In other words, based on Equations 13a and 13b above, "n" is the number of filters necessary to d u c e the concentration within the waste box such that MiMo= r in a waste box having a free volume outside the intact packaging of "V" liters and filters of a specific type.
To determine the time necessary to reach the ratio Y', Equation 4 must be soIved, The times are typically "many months'' see Tables 2-4 for estimates.
Consider the case used to generate Table 2. M, = 9.26 moles @asd on 10,000 ppm). G = 5.5 x lo-' moleds, Q = 5.3 x 10' moleds. V = 22,640 L VOCM = 10 DP = 1.5 x 16' for the NFT-O15DS filter. Table 2 shows that 8 filters are necessary to reduce the volume fraction h r n 0.01 to 0.00893 in 1,096 days. The duration is chosen as the time at which steady state conditions are reached as this is the basis for Equations 13a and 13b. Therefore, to check the method, substitute 0.893 for Y' and solve for "n". Doing this, ' 4.1" is found to be 8.
Consider the conditions that result in the last column in Table 2 . In this case, Table 2 shows that 4 filters are necessary to reduce the volume fraction from 0.0 1 (10,000 ppm) to 0.00476 (4,760 ppm) in 730 days. Therefore, to check the method, substitute 0.476 for "r" and solve for "n". Doing this, "n" is found to be 4.
If, NFT-Ol5DS filters were to be used, it would take 44 filters to bring the voIume fraction down to 0.00476.
One needs to be aware that when using this method of directly determining the n u m k of filters, the time needed to reach the volume fraction of interest will likely be long (order of years). If this duration is too long, installation of additional filters may reduce the time needed. The effectiveness of additional filters can be determined using the method in Section 5.1. 
D-=FF, a t x = l
This is the condition posed by the VOCs in the waste box. The location 'k -1" is the surface of the generator where "I" is the distance from the surface of the generator to the roof of the box. In this case "1" is 6 ft or 183 cm.
VOC is assumed to be generated at a rate of lo" moIesls. The VOC concentration at the roof (where 'h" equals zero} is much smaller than it is near the sur€= of thc generation ('k" equal to '' t ").
The concentration 100 hours after loading is now found.
At 100 hrs aRer generation begins, and for 'k" equal to "1" The concentrations are about half.
Performing the same caIculation at 600 hrs, the Concentration at the roof 6.1 3 x 10' ' moles/cm3 Concentration at the surface 6.8 x 10' ' moles/cm3
At 600 hrs, the "well mixed" volume fraction is given by
( 1 1 The concentration gradient (found using the diffusion equation) yields the same concentration as using just a simple 1-volume model.
The concentration at 600 hours (25 days) is essentially uniform through the waste box assuming no transport out of the box. As a result, the volume of the waste container can be considered to be well mixed after about BOO hours. 
